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lM±<Dc*:olC. 55a^cfc<A 1 cllMgCD^gBi$Sff^^UTMg f^- 
20 tr>^^f5oCd:ICd:0v Mg(DXtU-^S^}flJ$yT!g-So ^(D 

- tr ^ 3^ □ ^ p -< ; 1/ s n ^ -c ^ ■§ o 

^35\ ^3lC5\-r¥«<$U-1:f(C:35M^§G aN43P^J13 0 7x 33 

25 IC. K-3^A 1 o. 03G ao. 97Nctip^JS40833ci:yp-A 1 
o. oaGao. 97 N J'^iz3^^^§ifi$5) K -- bf^^HS^B 4 O 9 (/\ 
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^^l/^o ^#iB§T!«x m\^\mmm. m^mm^-^s ^m\z 
9^tfmisbxmi\o-ttm^^mm^om.<mm-^B^<i^3\zi3:^o 

15 '^33. p-G a NB-CMg l^-tfV^SIi5SU. tm^^H-ev 

ystimm^nmtstn.i\:\^i:o^c>^^mmmz^\^b\o 
^TcL. :<'Eu-^mti^m^i^\z<i,\mm. uTCPS-mmiz^^m 
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sti\ mmmmm'^mmOs B\mm\i\xo-tfmi^^wm-§r^^s 

U^Oo cniCxiTU. P-A 1 G aN J't:7iz'::^'5'^|$!li^ i^-tr^^ 

:$^mmmmX{^G a NS^^ffit/^T(/^■S^^ gtSISG a NCPgB 
n-^x AIGaN. InGaN. ^fcl^A 1 G a I n Nmcomitm 

^mmmmxi^. nucoo^^y \^m[zn)\,omm(DA i GaN. 
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M(Di7^»/ KBICA 1 G aNdrG aN;&^6<i^^n§^l§?^tja^ 
ffil/^T=feml/^o ^^Cx nMs pM(DM7DlC/\*;U^Me(DA 1 GaN. 
^;^«A 1 GaN<!rGaNX)^6#6Jc^nS^^§?|gja^SUT=Bd; 
l/^o MIC. cn6(D^«i$:®IS. I n^T^Om (B) m,m (As) . 

UTTMAx I n(Dmn^UXTM I . M g (DlpJl^t UT C p aM 

gx N(7)l^^<i:UT:NH3^S^/^T(/^§X)^ cnec 

Pg^^n^O^o G aCD1^5|S^<i:UT hUX5^;U;tfUOZx (TEG) ^ 
ii^b;yUOA (GaCl^CaCl3)>A1 <DI^Jli4<ll h U X 
^)\^T)\^^-OI^ (TEA) ^2>><5^;UP;U^/\< K^-r (DM 

AH) . s>><^;u>';u$^n^< K (dmac i ) . bu^^)bT 
^yT'yy (tmaa) x i nomn^i^x hUJi'^'jb-c yvoj^ 
(TE I ) s Ms(Dmn^i^x\:::^j:5')b^^ay<ysVj:-)V^ 

C^^^^OA (EtCpaMg) '^\^^^^)l^OO^ySVJl — )b 
v'^^SyOA (MeCpaMg) x N (DJ^f^t t ^ S> > (N 

2H4) ^^^ty^^^^ut: h=^5>:y (mmh) x $?><5^;i/t:: 

(DMH) S^l/^T=Bm(/^o il^lCx :*:^BJi^2Sam6illCllH-r-S;£is& 

(ciSx A ] t:Ms(Dmsi$itf^^c^:<mm^n. ^n^«l/^TMg 
X)<x^i/\7DX)<d:i933imK)(c<^ffl-rsyctox mrn'mm^mmn-a^^ 
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t^lCaoX^So C(D<i:^s jyy^-yA l o. osGao. gyNcfir^/l 
4 0 8;0^Stti-r§ij-i3^T?s mmmti'B Q—G aNZiySO hJ14 
1 2. p— Al o. loGao. 9oN/'p— GaN — SLs^^ivKJg 
411. P-Alo. leGao. 84N^?-:2r-/\*-3?a-ffpgJ)14 1 
Ox p-A ] o. oaGao. 9t N P^i2^5':^M$& K - bf ^^115^11 
4 0 9^|li{CX!i;5^>t7-r^o Xii/5^:yt^^^SU-tf(D=lF>:i7U 

U-tfltitXtfOxyx-CDi^emiCS O jum^cD^^i^Pil^^- 
>^^n;c^b^!t^z)¥«i$:-e«p^p^-tz:::^^:T^M!t^^ia;t)tff^^^n 

^^m^t3'i[^-\:^yy^nx\j\73:{,\it^!m^^^mi^-c!it^izj^y 
m.mt)^i=><D^nt3mm^n^o p-a i o. 03G ao. ^yMTOizy 
^^m^\^-\dyymtt^m4-0 9^m{,\ui,\m^i^mi!i^. omT 
<p-\Eys<D\^-\:fycryoyT-f)\ytifm^E\i^x^iOs \^-t:yy 
^mt)mm-^m'iic:fsb^^mmmnE>\^-t:y^^m^^isb^ct: 
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tl■■1'X(S^^^;Sl/^o 

:^ P 0 ^ fr o c ci: T! ^ ^ ? 3^ □ -fe CD ^ ^ < fc X)^ ^ ^ T! g ;c o 

BB^^^^mui^o m^mwii "cisp— ai o. loQao. qoNX 

(D^^^DOlCp-A 1 o. osGao. 92N/P-A 1 o. oaGao. QsN 
-SLs^^i/h^lSeOI ^ffi(/^■C(/^§„ ^7 (a) is. ccdu- 

P-Al o. ioGao. 9oN/p-GaN-SLs::7^yi/h=e41 

GaNj■(^:GaNI■^JK^UTl/^<o CtDt^. -<ilCMgH^-tf 
yCt^n^T\j\^^. G a NHJg^cpicS^tU-^^Ccfco-CM 
g<DK^«Oa^M^^M'i>-rSo 35(CA 1 G aNH^J^^-rSH^lClS. 
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— TDx p— a 1 o. osG^o. 92^/ p— A 1 o. oaGsio. ssN — 

10 (iiaif^S4) 

\>JlT. ms (a) -m^aV (b) S#J^U^;D<6x :$:^BJ|(c:cfcS^ 

15 mmmm^ \z^\-^^AOnmm(Djy\^~yA io.03Gao.97N 
^ys^m%)r'-^y<^m^mAOQ\z^7iT:. AOnmmcDjy 

1 o. 03G ao. 95 I no. oaNtfiKlgTO 1 . aScfcOSn 
mffCDp-A 1 o. osG ao. 95 I no. 02.^^"^^^^^^^^- 
20 t!>:iriiJl^M7 O 2Smurt/^•S„ 
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:^mmmmi^\^. mmmmi ic33i:r§5 nmPoDp-A i o. 03 g 
ao. 97^-y^-^ys^mm\^-\::y{^mmm4.oQ\zrixx. 

10 5nm»CDp-A 1 o. oaGao. 95 I no. 02N P^-l23^i9^MI&l 
\^-\:fyCtmmm8 0^ . 33cfca5nmjp(Dp-Gao. 93 I no. 

oaNgS O 2^#UT0^§„ 

15 p-Gao. 98 I no. 02 N S 8 O 2 ^if A UTO^§^;cl:^ M QW)S 
tta405tp-A 1 o. leGao. 84NS?;jr-y\*-3'n-3ip$IJJl 
0(0m(D^mtl^m{,\o UtS^i^UtfS. 5 nmP(Dp-G ao. 9 
8 I no. oaNeSOaiSs I n ^^^UTI/^ K4= 

M ^ 14 (D IS) _t ]1 "C S •§> „ 
25 m-F. ^1 O (a) 33d:a (b) ^^BJlCct-S 
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:$immmm'^l^. ma- (a) (D^#f$:U-tflC33l:r-§,40 nmJS® 
yyf^-yA 1 o. 03G ao. 9TNct3r^e408. 33cfc?Jf5 nmlP(D 

9{ZiXXT. AOnmm<D^yi^-yA 1 o. oeGao. 84 I n o. 1 
oNcfjr^JigO 1 ^cfcas nmlP(Dp-A 1 0. oeG a o. 84 I n o. 

m4-o8^<i^i}T<pizy^^m^\^-\::yymmm4-o9<DA i m 

^cfc{0=fe®(/^o ^(D/cst). Msco\^-\::yyyayT-<)btiK cfciD 

^lI^lC3l^±*<^(D-Cx P-Alo.06Gao.84l no. ioN:P^ 
IZ^^^^I^MI^I - tf 9 O 2 -r -S C tXD^Tf SSo 

3^^6Sff0j^Op-A 1 o. oeGao. 84 I no. loNP^iZ 

y6f^m'm\^~t:yymti!^m9 0 2{^G a N<!l^§?Ma^•§);c^st»^ 

(Di^ctox cfce)-B<DMfciitliti<i:Mlitt(D|DlJz7!}<||]^T?S'So 

\UT. m^ 1 (a) 33j;i; (b) ^mmuuti^Ss :$i^miz<s^^ 

^^fiSJ^il-Cttx 4-Onmm(Dyy\^-yA 1 o. 03G ao. 97N* 
r^J14 0 8. aScfc^S nmlPCDp-A 1 o. oaGao. gyN-P^iz 
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-^A 1 o. oiGao. 99N*r^g1 OO 1 v ^SSd^Ul nmCtiCA 
5 nmPcDA 1 ai_^N (O. 01^x^0. 1 3) 
:$^mmi^mi!{^. Al^Gai_^N(0. 01^x^0. 13) 

cEBiCx &^!i^^t)\z^^T^o^}dj:^jm^i^m(Dmm'^^^m&i 

^^fifiJi^S"CISv 1 n mCTtlC A ] rSi^;0<O. O 3 
O. 01^^50. 1 3^-e±#-rSc)::o(C5nmlP(Z)A 1 ,Gai_ 

xN (o. 01^x^0. 1 3:> j>{p-\zys>^m^^-\::yc^mti^ 

Wi&^izmm^'itjcm^iz(Ddj^msn^^<Dxi^ts:{,\o mi 1 Cb) 
(D-mizWiXUTm-^ci:c>{z. A 1 iSi^^^iSi^e^jictiso^t^sct 
m^m&aizmm^ii^z^iz^i^z^x^. m^m^miz^^muio 
m<Dm^^:Kmizmm-^B. ny \^^m.m\z^^j^y^(Dm^\A% 
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H 2 p M ^ ^ b ^ ^ i$ II C d: S 4^ i? U P IB D >i is£> ^ ^ (SI ± ^ ^ ^ 

mo^mmmmiztt^xo^y cms pmmit^^^mi$im:> a 

h^ll<!lU-C^^tg-rs^3pM^ib*&^«i$:JlC33l:rSA 1 MsJSIbCD 
^■^x n-G aNStSI 60 1 <£^mUx ^(D^S^^tijg^JjR 

a^Ccfcorj»j^^bu;c^x ^MSpF^cD-tt-fe^^^iicstgi 6oi 

^^fi-rSo N2;y::^(CT^S!l;pras+5DMz«j^L/;'cf^x 1 "c/^ii) 

(D^Sb-hT!1 OOO'C^-C^^^Ux I' U H 2 (Ciffl «0 

e^S<t:«(CP>t- p (NH3) CD««SSIi5^UTS$5a®(Di7 

^' (S i H4) (O^m^mi^lys 2izmP<Dn-GaN@1 602 
(D^S^fT(/^x §I^^^(/^T hU><5^;UP>/b^-OA (TMA) ^SO 
^x 1. 5i[/mjS(7)n-A 1 o. osGao. 95Nt:7^'j/ Km 603 
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111 604^0. 1 /im^SUJ^c^x =^vUTy:37i.^H2lzmXN 

:^(c. NHax TMGRahU;><5^;i/-<:y$>OZ\ (TM I ) 
Sg-rSCtlCcfcOv ^;9-r H^m 6 0 4±(Cp^;t)^Jil5 3nm(D I n 
o.iG ao.9N#Pll(b. ^^FIl(7)±(Cjp^^^^i5 7 nm(D I no. 02 
G ao.98NI^Med:^1 ^ii<!:-r^3^ai5d(D^^i$jlS^S^-e: 
§c:<blCc*:«9#M«??^F (MQW) JStt^ 1 6 O 5 ^JggJ6-r€.o 

§IS^l/^T3 0nmlP(D>':y I no. oaGao. gsNl^r^Jl 

1 606S^M^1^x 30 nmPoy^ f*-3^G aNcf^rim 60 
7S^gU;c^. TMGcDfl^iSS^i^lt-rSc N2<!::NH3^#^lfeSU 
;'c!|^^T!^^;0MC1 OOO'C^TfPSU. 4^ 1^ U :P:tf ^ S N 2 <^ H 
2(D5g^;y::i(C:iiD«0M^So TMGRaTMA<D«JJS^MIiU 4 
5nmlP(Dp-A 1 o. ioGao. aoN^P^e (K-e>^X>/\> 

cfD K-t:f>^x>y\>:::^jii 6 o 8<D^«ii5S^> ^;cs^s 

^^^^^C33(/^T^ \:^:^^0O/^y'^VJl-)\/^C^:^t/0/\ (CpzM 

1 eOSICIS. MgZ)^Hi-^^nTl/^^(,^A l o. ioGao. 90NT 
Hai^t. W\sti^\^-y^nioA ] o. ioGao. 9oN±ll^5d(i:;(D< 
J^^^n§C(!::IC7S§o mi\WkX^^. K-tf>i7x>y\>::^ei 
608«. y^K-^^A 1 o. loGao. 9oNT)lgil5d<!rx Mg K~ 
I o. ioGao. 9oN±egP5dCDi^7D^sCJIijiS^^SCi:(C 
:S^o C(DJ1^. >'>I^-^A 1 o. ioGao. 9oN"FegU5d«s H 

34 



wo 2005/034301 



PCT/JP2004/014461 



mmmi cascrsA i o. osGao. 9TN*Ke4 0 8(c^if6ifu. m 
g \^-yA 1 o. ioG ao. 9oN±iisi55[^«. mmmm^ icasi-^sp 

-A 1 o. oaGao. 97 N i2::^5'^M$!D K - tT^^HSSM 4 O 9 

-^A 1 o. 1 oG a o. 9oNTeg|i^;D<J^^$n§o 

(DX^-CiDSMgcDI^SSiftlCcfcJOv K-t:f>^x>y\^:;^ei 6 

0 8 (D^i$: (C =fe M g K - n^-So 

-A 1 o. leGao. 84N^?::2r~/\*~3?D-3iP$!|g 1 6 0 9^^S 
^l^^o C<Dp-A 1 o. leGao. s 4 N □ -fflJiOM 

1 6 0 9^^:$:f|qJicDll2pMM^bJ^¥«i$:e<i:Urtiig-rSo. 
P-A 1 o. leGao. 84 N^?:^-/\'-:7 □ -JflJ^JIB 1 609^ 

^s^-e/cm^ m'^ts'{z^vUTy3:;is^H2\^i^'omx. p-ai 

o. oaGao. ayN^^yv I^S1 6 1 O^^SUilc^x 5 O n mJPcD 

:^mmmmic;j3i,\xi^. pm i^-/t^h<!:uTv^^^o/\ cm 

g) ^mi\1oti\ M glCSDxTx (C) V ffilS (Zn) ^ a:ij 

UOA (Be) . t)\^^OA (Cd) ^(D p M 1^ h^^lID U 
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H^^-r H^m^i^:^^ (HVPE^) ^5^?I^Xtf^4=$/-S (M 
:^mmmm-Ci^, Ga(DI^J|S^<!:UTTMG. A] (Dmn^i^XT 

^JI^dlUTx hUX5^JU;yuOA (TEG) ^Jgjb;9'JOA (Ga 
Cl^CaCla) Al <D1^.I4(1=UT. h U x5^;u:p;u$ 
A (TEA) ^S>;<5^;UP;u^y\Y (DMAH) . S>><5^ 

^UPiU^^D^-ri^ (DMAC 1 ) I nCDI^JfBttUTx hUl 

5^;i/-r>*>OA (TE I) . Ms<Dmn^\^x. \^^ii^)b^on 

^>^S>XX;u>?^:^S/OA (EtCPsMg) '<P\^Z2.>i.^ )b^JO 
Uy^ySVJL-)l^Cr:^^jOh. (MeCpgMg) . H(Dmntl\^ 
X. tK^S?^ (N2H4) ^^y;)^^^;!/^ I^^S>> (MMH) 
X^>IUtf^^S?> (DMH) S«l^T=fem(/^„ 

^C. ^Jli§J^J334fim(l:^§gU5^^p-A 1 o. ioGao. 9oNif 

F^il (H-tf:/^x>y\>::^g) 1 6 o 8CM-s^t?x>j/^>^(c 

^t:7hei 602(0— ^ti^m^-^^^xji^i/^ycr^n^Oo 
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mU^ 61 n -G a N=l>5'i7 h@ 1 602afii(CISnS1i 

ziznmmmi e i 4-^(Dm\zms.^m[if^^s MQWJSttm 

6 0 5(C|ql;t)^oTpi!l^1l1 6 1 2t!'E>iEntf^X^n^^n\Zn 
ti^T^ P-A 1 o. ioGao. soNcpF^H C \^ -if y C^jiy j\y 

n) 1 608CDA ] mmit c/'^y ^yy:) t3\ p-a i o. 16 

Gao. 84N::d--y\'-3?n-}iP^J)11 609cfc«9=fe/J\^<x p-A 
1 o. 03G ao. syN^^iV f^ei 6 1 0<$:lO'&XBbmm'&^^Z: 

t (D m ic o 1/ ^ T iJi Bj -g- § „ 
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miZScSm-^^o -^UTx p-A 1 G a N:3"-/\*-3?a-Jfl]$!JJll 1 
O3(am2pMM<b!te)^^<*:eic:>^0U. p-AlGaN:i7^!j/Hi 

mmi^mcDA 1 li^Jt^ms pigg{b$3^2gi$:)l(Diii^itcfcO=feM 

<^:^o. Z)os2pM^ibifei¥^<$ii(DA 1 mmit^mapmm 

iy3^*^m2 p^^^b!|^^«i*jld;«9=fc/jN^<^-§^Hi:^-C. T!^-§ 
IS § c <i: ql fg (i: ;S •§ o 

^f$:g^^6-'i 2%. mzpmmitm^^mi^^mtiU 5—20%. ^ 
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O n ml!^-So 

PS"ca5n«. /\*ji/t:7e-^i3^<Mi§?e-e=Bci:i/^o ^/c. n}\,om 

<!i @ IS ? H X)^ )1 i£ U T 1/ ^ T =fe cfc (/ ^ o 
:$:||fiSJT^^Cc):ni^. A 1 G a N 7r-y\*-:7 □ -JtP^iJH 1 1 O 3 
10 IC33(,M:9X1 0^®cm-3m±(Dli(/MVIg^JgSI|]^T?S§C<b 

15 M<. l^-tfV:i?X^/\>:XB1 1 02(C33(:r-g,MgjiJg;?)^t§--^ 

8X1 0^Scm-^^^62X1 O ^ ^ c m-^CO^HPSIC^-SCcbX)^® 
20 ^Ul/^o 

CcDcfcolC. A 1 GaN bf >i:/X>'/\>^)l1 1 0 2<Dlf A 

aN:?r-/\*-37D-iID$iJll1 1 O 3^(DM sMm^Cf^ Kg(7)M 
25 ga-^<!:(aiic^L/<-r§C<!i;J)^T?S€>o Co L/Tm-^l/aAJeS^S 
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I nS^^/cp-A 1 o. 90 I no. i o N J-^-tz^^^-^M 
§J4tfc(DfgMfblcd;iO{g3gfii;^t;X)<qiigi:;S§o cniCcfciO. ^^/w;^ 

^^fiSj^ii-cttG aNS^5±cDu-tf^i^al^:ol/^Ti^^BJ§u;c;!}^ 

ISISG a NlCRgS=B(D"C(S^<. A 1 GaN^ I nGaNV>A 1 G 
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ci:T§±-C(Dm?CjS^-eSSo MIC. ±i3j?a^ttBAl Gain 

N^?ittm (As) X u> (p) ^m^^ \^ioMmi\:s^^^^mi^±mz 
cmmmm9:> 

m^it[^itm. mmipp^(DVizys-±\zmmi 701 ^^s-r-So 
Nz^^^^zxmm^P^^-^idizmmuic:'^. 1 x^xm(Dm^[^- h 
Tri ooo°c^T!#su. ^vU7'yj:7.^H2izmiomx^iin{z 
Ty=e-T CNH3) (D«i^gsii5&urgtsa®(D^u-->^s 

t5;SOo C<D^U-->t7<DKP^IS1 5!:^li(±f5^oC<!2;0^M^L/l^, 
■=e<D^. hU^5^;U;9UOA (TMG) <i:^y$/^> (s i H4) 
(D^^^ma^U. 2i(im»CDn-GaNS1 70 2<D^»s §IS^ 
(/^r hU;><5^;Up;i.^-OA (TMA) ^JO^. 1. S/zmStOn 
-A 1 o. osGao. ssN^^iy K^i T03(D^S^t30o TMA 

u;c^. 4^1?UP;tf:;^SN2lC^^NH3a)MJgS^(Pii:U. ^Mlg 
^ 7 8 O t) ^ T 1^ -r -S o 

>j«^lC. NH3. TMGRahU><5^;i/-r (TM I ) S#t 
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0.1 G ao.gN^PHtJl. ^pm(D±{zm^ti^mY nm(D I no. 02 

G ao.98NiiiMii<!i^i mm^-^^3mmid(D^m{$im'^^S:^'t± 

§l^^^l;\T3 0nmlP(D>'>K-:?' I no. 02 G a o. gsN^r^Jl 
1 706. 30nmlPCDy>H^-::;^GaN43r^ll1 707S^ftU 
;c1^. TMG<D#^igSSi^lfr§o N2i:NH3^«=^ieSU)c!l^SiT!Jl 

^xdmci ooo'C^t!S^L/v ^vUJ'y:3::^^Nz^\-\2(Dmsti 

:^{Zi3]0mX^o TMGRaTMAx T M I (D^M^^H 45 
nmff(Dp-A 1 o. 1 o G a o. s 5 I n o. osN^p^n (K-tf:/^ 

SMg K-tr>^^ii5^^§„ ^(Df^x 1 Onmjp(Dp-A 1 o. 1 
eGao. 75 I no. 1 o N i:^ — /K- 17 □ -3fl]$iJ^ 1 709^^^^"^: 
td'^. M'^tJ^lZ^VUJ'yjTi.^HzlZiSDOmX. p-Alo. osGa 
o. syNiP^ 1 7 1 O iZs 50 nmlP(7)p-G aNZI^iS't^ 

CMg) s^^/^/c^l^ n*D«o(C05m co . sro^ czn) . a:ijij 

OZ^ (Be) ^ t]\^^OA (Cd) ^S^(,^T=BM(;^„ 
Km^g^S,*£ (HVPE,^) ^5^?^Xtf^^S/-,^ (MBE^) 
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^ T (D 75 ^ IC jS « Tr ^ o 

UX5^JU;yUOA (TEG) ^m^bJtJUOA (GaC 1 ^CaC 1 
3) A 1 (DmnizUT \-UJ:'3')bT)b^-OJb, (TEA). V 
>C^)\yT)b^J\-C \^'y-C \^ (DMAH) . ^><^^)bT)b^{Pn'3-i' 
I^(DMAC1)S. I nCDmn^l^X hUJ:^)b-fyVOI\ (T 

E I) V Ms<Dmn^ox\d::ij:^)bt^Oay^y'5'Vj:—)b^cr:^ 
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